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12/2/82 TO 12/1/83

SUMMARY

PURPOSE

The purpose of this study is to identify, isolate and
characterize the variant surface glycoprotein (VSG) genes that
are expressed by frequently occurring variant antigenic types
(VATs) of African trypanosomes. This study will investigate if
the coding and flanking sequences of VSG genes that encode
different VSGs have nucleotide sequence characteristics in
common. It will also be determined if various stocks of African
trypanosomes frequently express VSGs related to those being
studied.

METHODS

Six VATs were selected for detailed analysis based on
previous work that produced this well characterized VATs,
monoclonal antibodies specific for the VSGs expressed by these
VATs, cDNA clones corresponding to the mRNA of the expressed VSG
genes and genomic clones of members of the VSG genes families
under study. The order of VAT expression and VSGs expressed
among stocks were performed using mouse model systems and
indirect immunofluorescences with the monoclonal antibodies. The
monoclonal antibodies were studied in detail by a variety of
standard immunological and biochemical techniques to determine
their specificity. The genomic organization of the VSG genes was -

examined using Southern blotting analysis combined with mapping
and nuclease studies. The cDNA and genomic clones were examined
in detail by nucleotide sequence analysis and transcripts were
examined by Northern and primer extension analysis. The

* predominantly expressed VSG gene was identified from multiple
relapses and examined similar to the cDNA and gDNA described
above.

RESULTS AND CONCLUSIONS

A characteristic sequence of VAT production and the
predominant VAT in the IsTaR 1 serodeme was identified. These

were similar to those isolated from the original infection.
Spontaneous relapse studies showed that growth rate and switching
frequency affect the order of VAT occurrance. The early IsTaR 1
VATs are expressed frequently in primary and first relapse
populations in a variety of stocks. Thus the early VSG gene
sequences are conserved and frequently expressed. The 55 VSG
specific monoclonal antibodies appear to each recognize distinct -
epitopes although some of these recognize epitopes that are
near each other. Each VSG cDNA was mapped in detail and cross U
hybridization and sequence analysis revealed conserved sequences --

adjacent to the 3 end of the coding sequence and near the 5 end
of the coding sequence. Each VSG gene was found to be telomeric
when expressed. One VSG gene cloned as a cDNA was examined in .
detail and was expressed in the bacterial host. All VSG mRNAs had
the same 35 nucleotide sequence on the 5 terminus. This sequence
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appears to be encoded at a site unlinked to the coding sequence
and added posttranscriptionally. This appears to be a novel
mechanism. Many of the VSG gene family members conserve a
repeated sequence 5' to the coding sequence. This may function in
gene conversion to mediate antigenic variation. The presence of
the additional VSG genes created by gene conversion is
insufficient to activate the gene since inactive genes of this
type occur following switching to an alternate VAT or conversion
to procyclic forms. Other genes that are already telomeric may
also be activated by a different mechanism.
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(1). OBJECTIVES.

Our integrated biological/immunological/molecular genetic
approach to the analysis of antigenic variation will be
continued. This approach has permitted us to recognize features
of antigenic variation that are characteristic of early and
predominant VATS and to detect new molecular events associated
with antigenic variation.

(1.1) Total Program Objectives

The long term objective of the total program is to
determine the molecular basis for antigenic variation. As
indicated in the background section, the molecular mechanisms
must account for several characteristics of antigenic variation
in addition to the control of VSG gene expression. The more
basic aspects of the program are being conducted with NIH
support. These include the isolation and characterization of VSG I.-.
genes and especially their flanking sequences. These studies are
directed at further elucidation of genomic rearrangements
associated with antigenic variation and the mechanisms
regulating VSG gene expression. -.-

(1.2) Total Project Objectives

The objectives of the project supported by the USAMRDC focus
on questions that are less basic in nature and more supportive of
USAMRDC programs. The overall objective of the project supportedby the USAMRDC is to determine if there exist restricted numbers

of VSG genes or gene segments that encode VSGs or VSG segments
that are expressed early in the natural infection. The presence
and early expression of these genes or gene segments in natural
populations and various species of African trypanosomes,
especially human pathogens, will be tested.

(1.3) The objectives for the period for which support is
requested are:

1. To identify, isolate and characterize VATS which initiate or occur
early in infections.

This objective is designed to determine if a clone expresses
the same VATs in metacyclic, predominant and early VAT
populations and if the ame VATS remain metacyclic, predominant
and early VATS following multiple rounds of cyclic transmission.
We found that syringe passaged clones express the same
predominant and early VATS, but derived cyclically transmitted
clones did not. We wish to confirm these observations and extend
them to metacyclic forms.

2. To determine if predominant, early and metacyclic VSGs
and their corresponding coding DNA sequences have common
characteristics.

These studies are designed to detect potential immunological
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cross reaction among predominant, early and metacyclic VSGs and

DNA sequence characteristics shared by the corresponding VSG
genes. We will continue and extend the comparisons among
predominant, early and meta- cyclic VSG genes that are in
progress and compare these results with similar studies of later
VSG genes. o%

3. To characterize predominant, early and metacyclic VAT
VSG gene and flanking sequences.

These experiments are designed to determine the molecular I
basis for the frequent expression of predominant, early and

.. metacyclic VSG genes. Our studies suggest that a telomeric
• ,location of basic copy VSG genes is the basis for their frequent

expression. We will extend these studies to metacyclic VSG genes
and examine in more detail the molecular basis for this more
frequent expression.

4. To determine if the IsTaR I predominant, early and
metacyclic VATs occur as frequently expressed VATs in diverse
stocks of trypanosomes, especially human pathogens.

These studies are designed to extend our observations that
many stocks express the IsTaR 1 VATs to determine their frequency
of expression, and if regions of VSG homology are shared among
these stocks. These studies are designed to assess the
feasibility of common epitope based vaccines.

Sequence of Experiments:

The priorities for performing experiments are indicated at
several points in the methods section. In general, the
experiments of objective 1 will be performed over much of the
grant period although these will require a small fraction of
effort at any time. This is a result of biological factors
affecting the rate at which these experiments can be done. We
plan to complete most of objective 2 in the 1983-84 grant year,
especially the analysis of VSG gene coding sequences. The
genomic organization studies will extend into the 1984-85 year,
as will the analysis of the metacyclic VSG gene coding sequences
and their genomic organization. The experiments in objective 3
utilizing existing clones will be initiated early in the grant
period as will related cloning and subcloning experiments. The
analyses of the clones generated will be performed in the 1984/85
contract year. The experiments described in objective 4 will be
done in the 1984-85 contract year.

(2.) PROGRESS REPORT.

This progress report covers the period of December 1, 1982
to December 1, 1983. A small fraction of the data presented in
this report was the result of work supported by NIH. It is
included for the sake of clarity and is identified where
necessary.
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During the current period of support we have concentrated
our efforts on the syringe passaged IsTat 1 VATs l.A, 1.1, 1.3,
1.5, 1.7 and 1.11 (A, 1, 3, 5, 7, and 11 henceforth) since the
cellular material, antisera, monoclonal antibodies, cDNA and gDNA
clones and recombinant libraries for these VATs were available. r
However, we have used these reagents and probes to examine other
stocks and species of trypansomes as described below. The
production of the IsTaR 1 serodeme, the initial biochemical
characterization of the syringe passaged VATs and the initial
molecular characterization of the VSG genes are described in
publications. We have established a collaboration with Dr. K. I.
Esser (Walter Reed Army Institute of Research) to secure
metacyclic VATs and anti-metacyclic VAT antibodies and to
accomplish cyclic transmission of specific VATs.

BIOLOGICAL (2.1) VAT Sequence

The A, 1, 3, 5, 7, and 11 VATs are early syringe passaged
VATs y the criterion that they repeatedly occur within the first
45 days in rats, mice or ^&Peromyscus\& infected with any syringe
passaged VAT of the IsTaR 1 serodeme. In addition, these VATs
occur in the same sequence in all of these infections. A
precedes all other VATs and the order of occurrence is conserved.

Figure 1 diagrams the first detectable occurrence of these
VATs in several infections. A precedes all other VATs and the
order of occurrence is compatible with the initial isolation.
These data do not require that an obligate sequence of VAT
production of A to 1 to 3 to 5 to 7 then to 11. Our data (see j
below) suggest a stochastic model for VAT switching with each VAT
having a characteristic generation time. Thus, the occurrence of
VATs in the bloo'stream would reflect the switch probability,
generation time and other factors such as immunogenicity and
tissue tropism.

While the sequence of VAT occurrence was predictable in the
syringe passaged line it was not in the cyclically transmitted
line. Thus, it appears that the characteristic of being early or
predominant VATs is not conserved through this cyclic
transmission. VAT A is the most predominant VAT of the IsTaR 1
syringe passaged serodeme. This VAT invariably occurs in the
first relapse of infections initiated with any IsTat 1 syringe
passaged VAT and comprises essentially 100% of the relapse
population. (Examples Fig.#lA and 1C). First relapse populations
for VAT A are usually about 70% VAT 1 plus other VAT(s) or which
we have no antisera (data not shown).

The relapse to A from the other VATs occurs spontaneously
since as shown in Fig.#2 they occur in lethally irradiated
animals. The VATs differ in the time from infection required for
the population to convert to being predominantly VAT A (compare
2B, C and F). VAT 3 converts to A in about 20 days while VAT 1
takes about 50 days and VAT 5 is very variable taking as few as 5
days or as many as 20 depending on the experiment see Table 1. In
order to analyze these results we constructed theoretical curves

-8-Oo
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(Fig.#3) to examine the proportion of the populations that would
be VAT A with differing frequencies of VAT switching to A and
differing growth rates of the injected VATs. It is clear from
this set of curves that the time when the population changes to A
(X) depends on the frequency at which the VATS in the population
switch to A while the rate of population switching to A (X) (i.e.
slope of % of A curve) depends on the growth rate of A relative
to the previous VAT. Since all of the VATs switched to A and A
was observed at a low level in all the syringe passaged
populations (see 2B) then the VATS switch to A more frequently
than any other VAT.

Modest differences in the relative generation times had
large effects on the rate of switching to A. However, it was not
possible to measure the growth rates of the VATs with sufficient
accuracy to compare them with that of VAT A (Table 1). Therefore
we constructed populations that were 50% A and 50% of another VAT
and observed their relative proportions in the population Fig.#4
paralleled the spontaneous switch experiments (Table 1). Those
populations that converted to A most quickly were "overgrown" by
A while those which slowly switched to A were not overgrown by A.

From these results'it is evident that A is the most
predominant IsTaR 1 VAT because it is switched to most frequently
and grows more rapidly than other VATs. In animals immune to A
(because of relapse to A) other VATs are switched to at different
frequencies and grow at different rates. These and other factors
may be responsible for the sequence of VAT occurrence in the
bloodstream. Data bearing on the molecular basis for
predominance, or why VATs switch to A at higher frequency are
presented below. In addition, it appears that in our original
collection of VATS 7 may be in the same lineage as 3 but not
intervened by 5. This conclusion is based on the detection of an
extra copy of the 3 VSG gene in 3 and 7, but not 5 as presented
below.

(2.2) Cyclic transn~ission/IsTaR 1 VATS in Other Stocks

Relapses from cyclically transmitted populations derived
from the IsTaR 1 serodeme do not relapse to VAT A. Similarly,
the original stock from which the IsTaR 1 serodeme was derived
after laboratory maintenance and clones from his original stock
do not relapse to A. Immunofluorescence analysis with monoclonal
antibodies of relapse populations taken at four day intervals
over 60 day infections of Peromyscus that were initiated with the
cyclically transmitted line revealed no early IsTaR 1 VATs. VAT
A was recovered from the 60 day population after cloning but this
may have been the result of a relapse. Thus, while VAT A is the 1
predominant VAT for the syringe passaged IsTaR 1 serodeme, it
does not remain so after transmission and was not in the original
field isolate or in clones derived from the field isolate without
laboratory maintainance (syringe passage). This observation 5."

requires repeating and coordinated molecular genetic analysis.

Monoclonal antibody cocktails were used to examine 22 stocks

-9-
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of trypanosomes representing Trypanosoma brucei, gambiense,

rhodesiensel equinum and evansi. Monoclonals were used to detect
expressed antigens rather than related gene sequences. The later
studies are being done in collaboration with Dr.#Agabian
(U.#Washington). The stocks varied with respect to host (human,
animal, tsetse fly), geographical origin, length and type of
laboratory maintenance, cyclic transmission and whether cloned. r.
First parasitemia and first relapse populations were examined.
As seen in Table 2, 18 of 22 stocks expressed VSGs that reacted
with early IsTaR 1 anti- VSG monoclonal antibodies. Most of
these stocks expressed several VSGs related to the early IsTaR 1
VSGs. Those stocks that did not express these VSGs tended to be
cloned stocks whose relapses were not examined. In addition, no
evansi stocks expressed the early IsTaR 1 VSGs. We, therefore,
conclude that many African trypanosome stocks may express VSGs
that are related to early IsTaR 1 VSGs. It is striking that
these VSGs were observed so frequently early in the infection in
populations of the other stocks.

IMMUNOLOGY (2.3) Monoclonal Antibodies

Monoclonal antibodies have been prepared against VSGs
purified from the early IsTat 1 VATS. These studies are detailed
in publications. Briefly, 55 of the 82 McAbs studied were
specific for VSGs and each McAb appears to be specific for a
distinct epitope. Table 3 summarizes the characteristics of
these VSG specific McAbs. All of these McAbs give a VAT specific
reaction with isolated VSG or total cell lysates in an ELIZA
assay and with acetone fixed cells in an indirect
immunofluorescence assay. The one exception is that one McAb
reacted with VSG from 11 and from 1 (which is indistinguishable
from VSG D). This is probably a spurious cross reaction given the
lower affinity of the reaction. Seventeen McAbs reacted with live
cells in indirect immunofluorescence assays but only one of these
reacted with SDS treated VSG in western blots indicating that
most epitopes exposed on the surface include a secondary
structural component. The monoclonal antibodies that did not
react with live cells by IFA reacted with SDS treated VSG and
with in vitro translated antigen suggesting that the epitopes

recognized by these antibodies rely on the primary structure of
the antigen. All of the above antibodies were VAT and VSG 1-
specific IgGs. However, 27 other antibodies were not VAT specific
and about half of these were IgMs suggesting that they were
originally selected during screening on a basis which reflects
the lack of specificity of many observed for IgMs. Several
possibilities concerning the specificity of these antibodies
exist, including trivial explanations such as some are directed

against contaminants. However, we have not excluded the
possibility that at least some of the antibodies are directed

against VSG epitopes that occur on various VSGs but do not react
with the antibodies in unfixed or acetone fixed cells as
described in the accompanying paper.

MOLECULAR GENETIC (2.4) VSG Genes

10
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(2.4.1) Expressed VSG Genes

Each of the A, 1 (D), 3, 5, 7, and 11 expressed VSG genes
has been cloned as a series of cDNA clones. Some of these cDNAs *

and their maps are shown in Figure 5. Each of the expressed VSG
genes has also been restriction mapped by a combination of
mapping the cDNA clones and mapping genomic DNA using the cDNA
clones as probes. Composite maps of the expressed VSG genes are
presented in Figure 6. A few landmarks are indicated in Fig.#6A.
The maps 5" to the barren region have limited accuracy due to
technical limitations and some sites cannot be mapped if a site
for that enzyme occurs immediately 5' to the gene as is quite
common. Nevertheless, the maps 5' to the telomeres which contain
VSG genes are similar. This will be described in more detail
below when the VAT A genes are discussed.

Each expressed VSG gene resides adjacent to a telomere (end
of a chromosome) and is flanked by barren region DNA which is
devoid of restriction sites (see 6A). The telomeric location of
these genes has been demonstrated by BAL 31 sensitivity, (data
not shown) telomeric growth and presence of a DNA end detected as
an apparent restriction site for all enzymes tested (see 6C).
The presence of these barren regions has complicated both the
mapping and genomic cloning of these genes. The telomere grows
by nucleotide addition as illustrated in Figure 7 and is
periodically reversed by a large deletion. The 1.3 VSG gene DNA
fragment indicated by the arrow increases in size in each VAT
proceeding from A to 7. This is due to telomeric growth. The
reduction in the size of this fragment in VAT 11 is the result of
a substantial deletion of telomeric DNA. This telomere, to the
extent that it has been mapped, is identical to the expressed 1.3
gene (ELC) which is present as an additional fragment in VAT 1.3
DNA. The additional fragment present in VAT 1.7 DNA is the
lingering 1.3 ELC (L-ELC) and also has a map indistinguishable
from the ELC (and telomeric gene). This suggests that VAT 5 is
not a VAT that intervened in sequence between VATs 3 and 7 and
VAT 7 is in a direct cell lineage from VAT 3. Telomeric growth
does not appear to be related to VAT switching since it occurs on
telomeres containing either expressed or non-expressed VSG genes . -
and upon growth of populations without VAT switching (data not
shown). The possibility that the telomeric deletion may be
associated with VAT switching has not yet been excluded.

Much of the expressed 11 gene including its 5' and 3' ends,
the 3" end of the expressed 1 gene and a central segment of the
expressed A genes have been sequenced from cDNAs (Fig.#8). With
N.I.H. support and in collaboration with Dr. Agabian, we have
shown one of these cDNAs to express antigen in E. coli. This is
detailed in publication 7. The 5" end of the 11 gene is
recognized from the 35 nucleotide sequence (35-mer) and the 3'
ends of the 11 and 1 genes are identified from their poly (A)
tails.

Both the 11 and 1 gene 3' sequences translate into a C-
terminal hydrophobic amino acid sequence that resembles that of

"- r. .



other VSGs (like ILTat 1.3 and 221), (Figure 9). The more N
terminal segment of this region contains the conserved ser and
lys and the tripeptide adjacent to the termination codon is
conserved to the same extent as in other VSGs (it is not always
leu, leu, phe). In addition, many other amino acids are
conserved. The 3' untranslated 11 sequence has a great deal of

-* homology (about 75%) to other VSG genes, while the 3'
untranslated sequence from 1 does not. The 11 gene contains two
CCTC, an AmTn, an octomer and a 14-mer sequence that occur in
other VSG genes (like 221). In contrast, the 1 gene contains a
short untranslated 3' tail. This sequence lacks the CCTC and
AmTn elements but it does contain 7 of the 8 octomer nucleotides
and perhaps a fragment of the 14 mer sequence. In addition its
five 3' terminal nucleotides match five subterminal nucleotides
of 11. While these results are preliminary and require
sequencing of other VAT 1 cDNAs to avoid cloning artifact, they
suggest that the early VSG gene differs substantially from the
later VAT 11 gene. This difference may reflect the NDA mechanism
of VAT 1 gene expression rather than its early expression. The
molecular basis for early versus later is discussed below. The
NDA mechanism of expression probably does not employ the 3'
homology blocks represented in the untranslated 3 end in VAT 11.

The 5' region which would be common and unique to all
expressed VSG genes and would be expected to contain the promoter
has not been localized by restriction mapping. It does not occur
within about 50 kb 5' to the expressed gene. This has also been
observed in other labs. With NIH support and in collaboration
with Dr.Agabian, a 35 nucleotide sequence found on the 5' end of
VSG mRNAs has been found to occur in a large tandem repeated
cluster or clusters in the genome and also occurs in orphons.
This work is detailed in publications 8 and 9. The presence of
one orphon is correlated with the presence of an ELC.
Interestingly, we have recently observed that telomeric DNA
containing ELCs or residual ELCs (ELCs remaining following a VAT
switch) are hypersensitive to Bal 31. This implies that DNA from
expressed or recently expressed telomeres differs from other
telomeres.

The number of VSG genes differs among the different VATs and
some, but not all, of these genes have a telomeric location. Of L
the VATs that we have studied all have duplications and
transpositions of the a VSG gene in the expressor (an expression
linked copy-ELC) except for VAT 1 which uses the NDA mechanism.
The number of genes varies from 1 in VAT 1 to about 10 in VAT 3.
These data are summarized in Table 4. All the ELCs have a
telomeric location but non-expressed VSG genes also can have a
telomeric location. For example, the VAT 1 gene is telomeric
whether or not expressed. VATs A, 1, 3 and 5 have a non-expressed
telomeric A, 1, 3 and 5 VSG gene, respectively both in expressors
and non-expressors. VATs A, 3 and 5 produce an ELC upon
expression while VAT 1 does not. VATs 7 and 11 have no 7 and 11
telomeric 7 and 11 genes except the ELCs produced in expressors.
These data are presented in detail in publications 3 and 10.
This observation and the detailed analysis of VAT A genes
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suggests that a telomeric location of a VSG gene is the basis of
predominance and early expression. Metacyclic VATs VSG genes may
also have a characteristic chromosomal location.

(2.4.2) Genomic Clones

Numerous genomic DNA clones representing two VSG genes from
VAT 3, two genes from VAT 5 and one gene from VAT A have been
isolated using the lambda 1059 vector. All of these clones have
been restriction mapped and are derived from the non telomeric
genes. The A gene clone may represent a basic copy gene but the
3 and 5 gene clones do not represent basic copies of the genes
cloned as cDNAs. Despite intensive efforts the 1 gene was not
found in the 1 lambda library. This probably reflects the
difficulty in cloning telomeric genes in general and particularly
telomeric genes flanked by barren regions, using conventional
means. Maps of the cloned genomic segments and the positions of
the genomic clones are presented in Figure 10. Many segments of
these genomic clones have been subcloned into plasmid vectors for

" detailed analysis. In summary, as indicated in Table 4, the
single non telomeric A gene has been cloned while the expressed
telomeric gene has been cloned as cDNAs. These may represent all
the A genes since the two telomeric A genes may be identical (see
below). The single 1 gene has been cloned as cDNAs. Both non
telomeric 5 genes have been cloned and the expressed gene has
been cloned as cDNAs. These represent all the 5 genes - the 2 non
telomeric genes cloned as genomic clones and the expressed 3 gene
as cDNAs representing 3 of the 8 to 10 VAT 3 genes. VAT 7 and 11
genomic clones have been isolated but have not yet been mapped or
analyzed.

The genomic clones have been probed with a 70 bp repeat
sequence which occurs 5' to the ELC and BC. As indicated in
Figure 10, this sequence has been mapped immediately 5" to the A
gene (10A). It also maps 5' to one of the 3 genes and maps 3" to
the same gene (10C). This second site of hybridization probably
indicates the position of another VSG gene. However, the 70 bp
repeat sequence does not occur in the clones containing the two 5
genes nor one of the 3 genes (10B,D,E). Thus the 70 bp sequence
is not adjacent to all VSG genes. We have also probed with a
synthetic oligonucleotides representing the 5' cDNA terminal
sequence (35-mer) and the 3' cDNA terminal sequence (14-mer).
These sequences do not occur in any of the genomic clones.

A cDNA which contains about 450 3' terminal nucleotides of
the 1 VSG gene and the poly A tail hybridized to the genomic
clones as indicated in Figure 10B,C,D. This hybridization was
eliminated by addition of poly A indicating that the 971
hybridization may have reflected the presence of the poly A tail

or oligo T (A) stretches in the probe. The significance of this
hybridization is as yet unknown but could represent integration
of a sequence by the reverse transcription mechanism.

(2.4.3) Predominant VSG Gene

13_ 
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The A gene has been examined and mapped in detail since A is
the most predominant VAT and relapses to this VAT from the other
early IsTat VATs were available. The results of this study are
presented in detail in a publication. Briefly, of the 6
independant A VATs that have been examined, two have ELCs while
four do not. Hence, the important and surprising result that VAT
A can be expressed by both the ELC and NDA mechanisms. Figure 11
shows a Southern blot revealing the ELC in two A VATs (Ae and A7)
and absent in the others. As shown in Figure 12, NDA type VAT A N
expressors and a VAT 1 expressor have two A VSG genes; one
telomeric and one non telomeric while ELC type VAT A expressors
have two telomeric and one non telomeric genes.

The restriction maps of the coding sequences of all these A
genes are identical. In addition, the maps of the telomeric A
genes are identical except for the size of the 5' barren region
and telomere length. The map of the non telomeric A gene
diverges from that of the telomeric A gene on both the 5' and 3'
flanks. DNase sensitivity studies show that only one of the
telomeric A genes in the ELC type of A VATs is expressed. (Figure
13).

These studies do not reveal the origin (basic copy) of the A
ELC. If it arose from the non telomeric A gene then an unusually
small segment would have been duplicated and transposed. A
further unusual feature is that the two A ELCs that would have
resulted from this duplication/ transposition are identical
around the tranposition site (12b,c,f,g). Although this is
conceivable, it is difficult to reconcile with the altered 5'
barren region that is detected as a Rsa I site closer to the gene
(12c). It is therefore more likely that the telomeric gene was
the origin of the A ELCs. The restriction maps of the ELCs and
telomeric genes are identical except well 5' to the gene and the
length of the telomere. Based on these data, we propose that the
A ELCs arose by a novel mechanism which we term telomeric gene
conversion. By this mechanism, a strand from the A telomere
would invade the expressed VSG gene telomere well 5' to the gene

-. and convert this invaded telomere to an A VSG gene containing
region.

The ability of the A VSG gene to be expressed by both the
ELC and NDA (and perhaps telomeric conversion) mechanisms may be
the basis for the predominance of this VAT. As mentioned
previously, non expressed 1, 3, and 5 VSG genes occur on
telomeres. These early VATs are expressed by the NDA mechanism in
VAT 1 and by the ELC or telomeric gene conversion in VATs 3 and
5. Thus VATs 1, 3 and 5 may be early VATs as a result of the
telomeric location of these VSG genes. The 7 and 11 non
expressed VSG genes are not located on telomeres in these later
VATs. These VATs are expressed only by the ELC mechanism. Thus,
later expression may be the result of non telomeric location of
the basic copy genes.

Like the A gene, the restriction map of the 3 ELC is
identical to that of the other telomeric 3 gene in 3 VATs.

-14-
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However, the telomeric 1.5 gene map differs from the 1.5 ELC.
(Fig. 6D, E).

While it had been originally reported by others that
procyclic forms lost the ELC, thus explaining cessation of VSG
gene activity, we found this not to be the case as detailed in
publications 11 and 12. All VATs which expressed the VSG gene by
the ELC mechanism retained this ELC when converted to procyclic
forms.

-..-,
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TABLE I

Growth rates of different T.brucei VATs

VAT generation 'competition' change

time with l.A to 1.A

(hours) (days)

1.A 4.4-5.2 - -

1.1 4.9_+0,5 equal 50

1.3 5.5±0.5 slower 20

1.5 5.0_±o.2 slower 5-20

1.7 4.7±0.3 faster >35

1.11 5.4+0.4 slower 30
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100 - - - -
T. brce I - 2.9 2.1 2.8 2.4 - lab Tazai

2 - . - field

- - - 1. - ]~ °""- . . . . . . field -
- - 5.8 .- 1.1 "

S- - fly-

*5 . - - - - -field - Key

6 3.1 + . - . . fly - Uganda
- . - 4'

" 7 . . . . . . lab - Kenya

10lab -

- - a - lb -

mbienbe 12 - - - field Zaire7.8 - * 7.0 - -

13 52.0 - - - - l
not€ done

1*6 + lab - Nigeria
1,not" done f.. l .

-16 * - - - - - lab1. . . . lab -cot done ...

18 .. . . . field - Kenya

-"rhodesnse 20 + 1.0 field - .. I 1o~o I 5..6" 4.- 8.: - b • "::::
21 - - lab *

10:0 12.8 - 16.3 32.3 -

22- lab a
not done

T.- - - - - lab ?

2' . . . . . . lab + ?

° .V aeeuiua- 2 5 f p lab + ?
1e5 + 1.3 1.0

f~ 9 11

TABLE 2: Expression of IsTaR 1 like VSGs in other stocks.
Values are percent Of population (+= less than 1%).
f refers to frequency of VSG expression in stock
or its relapse. Top line refers to first
parasitemia while bottom is first relapse in each
case.
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TABLE 3

TABLE 3. Reactivity of VSG-specific monoclonal antibodies %J-

VAT
live pptn.

I.A IlD 1.1 1.3 1.5 1.7 1.11 cell Western+ in
IFA vitro0

VSG no. class

A 4 G '+ - - - - 0/4 4/4 3/3

4.i

1.1 8 G - - 0/7 7/7 2/2

1.3 1 G I -+ 4- - - 0/1 1/ 1

1.3 14 G - - +++ - 10/14 1/14 2/6

1.5 16 G ... 1/16 16/16 7/7

1.7 8 G - - - - - ri 1/8 1/8

1.11 4 G 1 i : : fj /4 0/4 /

reaction in IFA with acetone fixed cellsW reaction in EIA using purified VSG
reaction in EIA using whole cell lysates

+++ titer > 103 5
++ titer = 10 - 10

+ titer = I - 100
+/- titer = I
- no reaction at any dilution

VSG used to innunize the mice before fusion
reactivity in imaunoblot analysis with SDS/2-mercaptoethanol
denatured VSG ....

deunoprecptation of in vitro translated VSG "--.-'<

........................................................
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FIG. 7

A 1 5 5 7 11 Probe P/B 81F2 5 cDNA
Hind III digest
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tyl1.11 FIG. 8

VSG mono 11 ooquonco.35-4FRhLa

K:CATTATTAGAACAGTTTCTGTACTATATT ~CTCGGCTGCAAACAA .. OO

IAOGCTATCTGCA.. .CACOCCAGATATAATCGATAATAATATAACATC
ACTAGCAGAAGCAGCCTCAACACTTGAAAATTTGCAAOACTTAACAAGCA
TCGCCAGTTACAAACAGGATOCCTTGTTTCAAAGACTGGTAGCAATAACA
AAACTCGGAATGCCAACAGATTCAAAGCTTACTGGCGACCTCGAACGCCA
GGTAAGCTCAGCAATCAGCAGCGCA TACOGCAAAACTGACAGCGAATTTC
AAGACAAAA1'TTGGAGGCAACTTGACGAACTAOATTCCAACTATTACAGC
TCCTTAGGGGTTAAATCAOACAAAATTAAAoGTTTOACCAGCOCTGAGAA
AATGGCTGGCGCCATAGCTTGGGGTTTAATTAACAAAATTAGTGCCAAAC
AATCATTGTCCACCGACAACTTAGCAAACAAAAAGGACCTCAGCACAGTG

* TGCAAAAACCATGTAACAAGAAATGATTOCACGGGAGAAACGGGTTGTGA
ATTTGACGAAACCAAAACTCCAAAATOCTTTCCAAAACCGAGTGAGACCA

* AAGAAGAGACCAAAGAAAAGAAAG ... CAAGAAAGAAGATGCAAACTGAC

T CACTGCACAGGAAAGAACAAAAGAATGCGCAAATGGTTGCAAATGGAGA
ATAATGCTGCAAAGATTCCTCTATCTCCCTAAACAAaAAATTCGCCCTCA

* GCATGGTTTCTGCTGCATTTGTGGCCTTGCCTT T1E3A CAACATTTTC TGA= STOP COLON

ty 1.1

* VSG mono 1.1 stiuonoe:

A TATACGACGGCAAAAGCGAGGAAATCAAACACAACAAGCAACGGCCGGT
* TGCAACCAGCAAGGAGCTGATCAAATCGGTGTTGTACTACCGAAACAAGA

GACAGACAAATTTTTTACGCATTCAAACAGGCCTCGAGCAGACAAAAAGC
* GACTCAACAAGGCOGAAACACCAAAATGCGAAGGAAGCAAAATCTGAATG
* AGCCACCACTAAGGGTTGCGAATGGAATACGACAGAAGAAAGTGTAAACT

CACAGAAGACGCACAAAAGATGCAGAAAGCGAACACGAATAGGAAGCAGC
AACCAACCACAGGACACATTCTTTTOTCATTACAAAGGCCTTTGCTGCTT
TGCTaTTTATTTTACTTTTCf~tZTGCTCTOCTCTGTTTCCT ( al ) A

STOP COLON

ty 1..

VSO mono I.A sequence:

GTCGACAGGAATTGAAAAAGCACTAGCAGAAOCGCAGACCACAAGCTACC
TCAAAGGCAAAATTGACGAATGGCTAAACATAGCGCACGAGACCAAGGGC
GCCTCGCACGGGTGCTTGACGGTCGCAGCGGGGACGACACGTCAAGAAGG
TCGGCAATATATCGACGCTCAAGTGCCCACTAACCCTCACAAAATTG
COAAAAAOCAAGGACACGAACAAGCTAACGGCCGGCGGATTTCAAGGCTC
AGGAGGCAGAGCGAGCAOCACACAGAGAGAGCCAT. ... AAGAAGCTAAAA
CAAGAAGAAGCTAACACAOACGAGAAGCACACTTGTTCGCTTAATCGCGC F77
GGCAGACAAGCCAAGGAAGGACAAGGCATTGAAACCTACAAAAGACAGCTf% 

.

GTTCTCGACCACCCTGGCAAGGAAATAGGCCGGCTAATGGCAAAAGTAG
CGACCTTAAGCTGCCACACAAATTTAGGAACCACCAAAGTCACGCCCCCC
CCCCCTGCAG
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FIG. 9

tv 3 tail

3 hydrophobia tail
amino aoid sequenoe:

1.11 or tor le *o lOU asn lvi lvi Ph* ala lOu oar met val ner
1.1 his mor Ph* val 119 thr I ala Phe --- --- r-------------
221 ser orile lOU val thr lyI lys Phe ala lu thr Val Val or

ILTat 1.3 ala ala Ph@ ala ala lOu lu Ph@ TAA '

1.11 ala ala Ph@ val alm lou Pro Ph@ TGA 4..-

1.1 ala ala lOu lu PhelOu l*u Ph* TAG

221 ala alm Ph@ Val ala lOu lOu Ph@ TAA

nuootide sequence: 3' untranslated

221 TAA ------- TTTCCC C ----- AAA-TTTCCCC -TTTT-- AATT
1.11 TGAAACAACATTTTCC CT TTTTTAAACCTTTTT CT CTTTTTT AAATT

1 TAG- ---------------------------------------------

STOP CCTC CCTC AmTn

221 TTC TOCTAC OAAAACTT TOATATATTTTAACCAAAACC(An)
1.11 --- TGCTACTGAAAACTT-TGATATATTTTATTCCTTTT(An)
1.1 7 -TGCT-C-G ---- CT- TG-T -------- -TTCCT(An)

octamor 14-mar

11/1 match

- = no nucleotide
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VAT VSG genes in Additional VSG Expression
non expressor gene in expressor mechanism

A 1 NT, 1 T -OR I T+  ELC, NDA, TGC

+t

1 (D) 1 T NDA

5 6-8 NT**, I T (1LT) 1 T EL. (TC?)

5 2 NT*, IT I T EW

-. NIT,1TL,.

" 11 3 NT ( *  1 T ELC

Table 4.. Numbers of telomeric (T) and non-telomeric (NT) genes in
IsTaR I VATs. Cloned non-telomeric genes in
lambda 1059 - * and cloned expressed genes as cDNAs - +.
Expression linked copy (ELC), Non duplication Activated (NDA)
and Telomeric Gene conversion (TGC) mechanisms employed by
each VAT are indicated. LT = Lingering telomeric EW.
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FIG. 11

Sal I
X AIA Db A 3 A3 5 AS 7 A7 11 A11

;. ~ ~23.1- °'

6.6 OP w r ,

4.4- -

2.3-

2.0-

- I • t m l %,

0.6-

NOTE: 4 bands in Ae and A? but 3 in others
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